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COMPLETE SPECIFICATION 
Noise Suppressor for Jet Propulsion Engines 

hereby declare the invention, for which we im^SnTE^nofe, SSSeLion iTu 
gray chat a parent jmy he granted to u s , and therefore desirable to X San'cea re be 
the method by which it is to be performed, able to convert the ™„u lT.it ? t 

10 fol,„U a t^, deSClibed fa £ " ** J"?- ^frt- 

^BTLSSTSi to * suppression CSMS, S-*J5SK« =2S 

devices for jet propulsion engines of the to noise level "P"™"" without regard 

gas stream thrust reaction type having a With the foregoing in view the oresmr 55 

discharge nozzle with an eat through which invention is directly broadlv to th? S2 

fawa'rltfrS ** *° Pr ° dUCe gf^ ^proved n'oire ^reSon^ozS 

The present ^application bus been divided S^pre LTSSSb "wS uSTIlso"^ 

in the above-cited application, namely, that posable in the discharge T Mm T 5? f" 

of dividing the discharge stream into a exit. A related ob^ctfw ^ fh^ the nozzle 

_ plurality of separate or branch streams at of the reaction S co -° rtuna "°n 65 

5 the nozzle exit. This division of the main of the stream Zi^r dS^ST*"^ 

jet into a number of smaller jets, particu- ment oSSnt ^1^*.,™™' 

larly when these are spaced apit about the of the noz Je g5£? h wi'th *Z 

periphery of die nozzle exit, decreases object of establisWng appro Jmatelv Se ™ 7ft 

objectionable noise m two ways. First it exit awa «ri*h ■wroiamareiy tne same 70 

) reduces the total noise level, and, secondly SLS ^SJ^S^LS^ 

it shifts much of the residual noise to higher when these dementi are^Sa^/^ 8 ?* 

arc sss* *- ° n the huLn nSum^ri f f5?s^ l s 

. . When the main discharge stream from a S^n^ suppression TeS^and ST" 6 * ?5 

► jet engine is divided into a plurality of maximum thS Tia akfmSl n, g f 

separate streams at the nozzle exit a certain setting. Such a noSe % v™ 18 * 

reduction of nozzle efficiency takes place, reversal provision? cLtftSef a fuS 

This is due to the obstructive effect and object. res a tu "her 

friction losses incurred by the stream dividers. Other objects are to n™Mx. „ • .. 

• In some applications the thrust loss is not formed stream divider elements whT^ 

serious and the stream dividers are a fixed efficient to mix th^ ;L i! • u blC \. are 

and integral pare of the nozzle. In <*her air X muTu^'uS 3* "SZ 
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provide noise suppression nozzles of a compact 
form meeting the foregoing objectives. 

According to the present invention a jet 
propulsion engine of the type specified 
3. is provided with noise suppression means 
comprising a plurality of stream divider 
elements of generally plate-like form mounted 
on said nozzle to extend inwardly from 
the periphery of the exit thereof at spaced- 
10 apart locations therearound, and disposed 
generally perpendicularly to the direction of 
discharge, said stream divider elements having 
openings therein permitting restricted passage 
of discharge gases therethrough for admixture 
15 with ambient air drawn inwardly across 
the rear faces of the respective elements by 
virtue of said discharge. 

The invention will now be described by 
way of example with reference to the accom- 
20 panying drawings, in which: — 

Figure 1 is a rear perspective view of 
a jet propulsion engine discharge nozzle 
embodying the features of the present in- 
vention, the view showing the stream divider 
25 elements extended, the exit diameter enlarged 
and the thrust reversal means retracted; and 
Figure 2 is a fragmentary rear perspective 
view of one of the stream divider elements 
of the invention and the associated oirfice- 
30 defining leaves. 

Referring now to the drawing^ it is to 
be noted that the Figures correspond to 
Figures 1, 9 and 11 of the parent Applica- 
tion No. 19877/58 (Serial No. 859,993) to 
35 which reference should be made for further 
details of the constructional features and 
the method of operation of the parts. In 
order to facilitate such cross reference, the 
reference numerals used on the present 
40 drawings identify similar parts to those shown 
in the drawings of the parent application. 

Referring now to Figure 1 of the drawings 
it will be evident that the main body of 
the jet engine is omitted from the drawings, 
45 which illustrate only the discharge nozzle 
portion thereof. The outer cowl 10 of the 
engine terminates rearwardly in a ring section 
comprising a plurality of alternately over- 
lapping and overlapped leaves 12 sometimes 
50 referred to in the art as "turkey feathers" 
and which are pivoted at their forward 
edges about transverse axes extending 
generally tangentially to the periphery of 
the cowl where it is joined by the leaved 
55 ring section. 

The discharge nozzle comprises two duct 
forming members, one of which is a tube 36, 
shown in part in Figure 2, and the other a 
rearwardly tapered tail cone 38 which pro- 
60 jects somewhat beyond the nozzle exit and 
extends forwardly to merge with a central 
cylindrical island member (not shown) 
mounted within the engine. In this embodi- 
ment of the invention the provision of a 
65 tail cone in the engine is optional. 


The cowl 10 afrd ring section comprising 
leaves 12 form a protective outer housing for 
certain engine components, including actuat- 
ing mechanism for the noise suppression 
elements of this embodiment of the present 70 
invention and for the leaves 12. Also, such 
cowl furnishes a protective housing for a 
rearwardly projectable thrust reversal sleeve 
42 of a known type which is described in 
detail in the parent application. 75 

The rear edge of the cylindrical exhaust 
tube 36 is located somewhat forwardly of 
the rear edge of the leaved cowl section 12. 
The nozzle discharge orifice is formed 
between the tail cone 38 and a contractable 80 
and expansible leaved extension ring 36 l 
of the tube 36 Such extensionjs formed 
by leaves 36 l a pivotally mounted at regularly 
spaced intervals around the rear end of tube 
36, and overlapped by intermediately situated 85 
leaves 36*6 similarly mounted on the end 
of the tube. As will be evident the orifice 
exit may be expanded by outward swinging 
of the leaves to the position shown in Figures 
1 and 2, for example, and contracted by 90 
inward swinging of the leaves as previously 
described. Longitudinal edge flanges on the 
leaves 36 l b bear slidably against the outsid^ 
surfaces of the overlapped leaves 36 , <z, where- 
as similar outwardly directed flanges on the 95 
longitudinal edges of the overlapped leaves 
36*a bear slidably against the inside surfaces 
of the adjacent leaves 36 J b. These flanges 
fpnn a seal and provide a positive means 
limiting outward swinging of the leaves to 100 
the expanded condition of the ring section 
36 l . Hook-like retainer elements 35 on the 
projecting ends of the leaves 36'a hold the 
adjacent leaves 36 l b against them in all 
positions of the former. 105 

Pivotally mounted <gi a transverse axis at 
the rear edge of each of the overlapped leaves 
36 l a is a retractable stream divider element 
in the form of a tab 246 which is basically 
trapezoidally shaped. The tab is of generally HO 
elongated form and the broader of its two 
ends is connected to the leaf 36*a and for 
that purpose carries sleeve elements 48 
aligned transversely of the nozzle with a 
sleeve element 50 mounted on the end of 115 
the sleeve 36*a. A hinge pin 52 extends 
through the aligned elements 48 and 50. 
The tab 246 is thus mounted for swinging 
between a retracted position, projecting for- 
wardly of the nozzle and lying flatly in contact 120 
with the inside surface of the supporting 
leaf 36 l a and an extended position directed 
transversely of the nozzle discharge in sub- 
stantially perpendicular relationship with the 
supporting leaf, as shown in Figures 1 125 
and 2. 

In this embodiment the stream divider ele- 
ments extend inwardly toward the nozzle 
axis from a location substantially at the out- 
side periphery of the exit so as to prevent 130 


a sheath of discharge gases at the exit which 
would surround the branch streams formed 
by the stream dividers and would thereby 
obstruct free inflow of surrounding air into 
3 the spaces between the separate branch 
streams. 

. In order to actuate the tab 246 between 
these positions a crank arm 54 is rigidly 
connected with the base of the tab and forms 
10 an obtuse angle to the plane of the tab, 
projecting generally outwardly in relation 
to the nozzle. This crank arm is connected 
pivotally to one end of a rod 56, the 
opposite end of which is pivotally connected 
15 to the rearwardly projecting end of a guided 
link 28. The link 28 is provided with 
a straight longitudinal slot 30 engaged for 
guidance by stationary rollers 32 and 34 
spaced apart lengthwise of the slot and 
20 fixed to tube 36. A hydraulic jack 58 or 
other suitable actuator connected to the 
longitudinally movable link 28 moves the 
connecting rod £6 lengthwise of the nozzle. 
In the forwardly drawn position of this 
25 connecting link, as shown in Figures 1 and 
:2, the crank arm 54 is swung forwardly, and 
lin this position of the link and rod 56 a 
protuberance 56 l on the inner side of the 
rod generally intermediate its ends bears 
30 against the outside face of the supporting 
leaf 36 1 *. In this position of the elements, 
the leaf 36'a is held in its outwardly swung 
position and the tab 246 in its extended 
position, as shown in Figures 1 and 2. For 
S5 that purpose the protuberance 56 1 , the leaf 
36 a, the crank 54, and the rod 56 form a 
rigid truss structure by virtue of the fact 
that the forward end of the rod is anchored 
by its pivotal connection to the link 28, 
40 and the forward end of the leaf 36'a is 
anchored by its pivotal connection to the 
end of the tube 36. * 

An outwardly projecting cam element 60 
on the leaf 36^ has a sloping surface inter- 
45 posed in the path of the protuberance 56 1 
and engaged thereby when the rod 56 is 
moved rearwardly by the actuator 58. By 
moving the link 28 rearwardly of the engine, 
r crank 54 cau ses the tab 246 to swing 
50 forwardly and outwardly into contact with 
the inside face of the leaf 36 l a and the 
protuberance 56 1 advances into contact with 
the cam 60. When the tab 246 contacts 
the leaf, with the protuberance 56 1 then 
55 bearing against the cam 60, the leaf is swung 
inwardly by virtue of such cam engagement 
The leaf is rigidly held in this position by 
the rigid truss structure formed by the 
protuberance 56 1 , the cam 60, the leaf 36'a, 
00 the crank 54, and the rod 56. 

In the retracted tab position of the parts, 
the contracted nozzle exit is defined by 
the inwardly deflected leaves 36'a and 36 J &, 
and the opposite surface of the tail cone 
*> 3X and is of generally annular form un- 


interrupted by noise suppression tabs. This 
represents the maximum thrust or cruise 
setting of the nozzle. The orifice opening 
yielding that result may be readily deter- 

• m ^ well known jet engine design 70 
considerations. In the position of the parts 
shown in Figures 1 and 2, the nozzle exit 
is expanded by outward deflection of leaves 
36 a and 36'6 in order to compensate for 
the decrease of exit opening area otherwise 75 
produced by extension of the noise suppression 
tabs 246 across the opening. It is found that 
the angle of swing of the leaves should be 
such that the nozzle exit opening is 
approximately the same with the tabs extended 80 
as it is with the tabs retracted. In this 
manner any reduction of nozzle efficiency 
when the noise suppression tabs are extended 
is minimized. 

It will be noted that the actuating 85 
mechanism shown in this embodiment of the 
invention produces automatic co-ordination 
between the setting of the noise suppression 
tabs and that of the leaves determining the 
area- of the nozzle exit. However, it will 90 
be evident that the tabs may be alternatively 
actuated independently of the means for 
varying nozzle exit opening. With the type 
of actuating and connecting mechanism shown 
in this embodiment it will be apparent that 05 
the leaves are actuated conjointly between 
tb< 2F. alternative position as are the tabs. 

The described mechanism is of lightweight 
construction, enables the nozzle to be of 
circular form for purposes of compactness too 
and efficiency, and is readily adapted for 
installation on available engine types. While 
in the illustration twelve retractable noise 
suppressor tabs are employed and these are 
of trapezoidal form which project inwardly 105 
to a location near the tail cone 38, it will 
be evident that a different number of tabs 
may be used and that their specific form 
or shape may vary. The form of the invention 
shown is also applicable to engines which no 
do not have a tail cone such as the tail 
cone 38 in the illustration, inasmuch as 
the support of the tabs and the compensating 
movement of duct-forming parts defining the 
nozzle exit does not depend upon the presence tic 
of a tail cone. l " 

• ? e P, onstr H5tion of the tab 246 is shown 
m detail in Figure 2. The tab 246 is of 
flanged construction with the web or body 
ot the tab provided with a number of 120 
™ a Pe r Wr« 246*. These apertures pass 
some of the hot gases from the engine 
for admixture with cool outside air flowing 
inwardly across the rearward face of the 
tab between the flanges 246a and 2466. -This 125 
fS^j' - ft ^ ther "daces mginr nrise^ 
apparently tor the reason that it warms die 
inwardly flowing outside air before its 
mixture with the divisional streams flowing 
between the tabs, so that the noise-producin| 130 
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turbulence of the mixture of such streams 
with the outside air is lessened. Also, 
there may be the additional effect of hot 
gases blowing through the apertures 246c 
5 imparting a rearward component of motion 
to the inwardly flowing outside air so that 
when it passes over the lips of the flanges 
and into contact with the gas streams, it is 
already moving rearwardly with appreciable 
10 velocity. As a result, the reduced differential 
rearward speed of the hot gases and the 
outside air when they first come together 
lesssens the turbulence of their mixture and 
thereby further reduces the attendant noise. 
15 WHAT WE CLAIM IS: — 

1. A jet propulsion engine of the gas stream 
thrust reaction type having a discharge 
nozzle with an exit through which exhaust 
gases are discharged to produce forward 
20 thrust, noise suppression means comprising 
a plurality of stream divider elements of 
generally plate-like form mounted on said 
nozzle to extend inwardly from the periphery 
of the exit thereof at spaced-apart locations 
25 therearound, and disposed generally perpen- 
dicularly to the direction of discharge, said 


stream divider elements having openings 
therein permitting restricted passage of dis- 
charge gases therethrough for admixture 
with ambient air drawn inwardly across the 30 
fear faces of the respective elements by 
virtue of said discharge. 

2. A jet propulsion engine as claimed in 
Claim 1, wherein the stream divider elements 
comprise substantially flat plates having 35 
openings therein, and flanges projecting from 

the rear faces of such plates on opposite side 
edges thereof to channelize ambient air 
flowing inwardly of the nozzle across such 
faces. 40 

3. A jet propulsion engine as claimed in 
Claim 1 or 2, having means supporting and 
actuating the stream divider elements for 
pivotal movement thereof into retracted 
positions extending generally parallel to the 45 
engine discharge. 

For the Applicants: 
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Chartered Patent Agents, 
29, Southampton Buildings, 
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